Search for K, =2 p°mmin 1999 Data

. Qutline

* Issues from last meeting
o KL->pPmmanalysis
o KL->p*p p® MC:decay & punch-through - MC/Data mismatch
* Implementing KL->p*p-p° MC changes
* Magnet simulation

o KL->p*p p%No forcing of decay or punch through — Select
decay/punch-thru events at generator level

* New issues with KL>p*p-p®MC - No selection at generator level
* Plans
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Old KL2>p*p-p® MC

. Generated KL2>p*p p® MC

* Forced both ps to decay
* Forced both ps to punch through

- Normalizations

* Pion forced decays
« Force pions to decay between 90m-188m
* Probability is based on lifetime and pion momentum

- Pion punch-through *
» Use punch through probability from Masayoshi’'s GEANT study

* Need event weight for correct distributions (Evt wt = Pp+* Pp-)
* Normalization issue from previous analyses

* Problem — punch through probability was for pions that MIP in Csl.
My program applied this probability to ALL pions

[Not a big issue since | floated the relative distributions anyway]
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1999 Data/K, > p*p p® MC Comparison

+ K =2ppp’MC K, p°mm Invariant Mass
» Normalizations 5 OGS
« Forced decays — generated 0% var - 04380

RMS 0.1342E-01

FLW 0.0000E+00
OV W 0.0000E+0G
ALLCHN 0.4053E4+06

~1 x 1999 data set 103;_'"

e Punch through — generated
~35 x 1999 data set? (Wrong:

applied MIP punch through prob LN |*i*
to all pions) L | H”_| ﬁﬂ
° 1 decay + 1 punch — same 0.4 MS 0.45 0.475 . 055 0.575 0.6
normalization pr0b|em as above ShOUlder {650.85)+(17173) + Invariant Mass (GeV /c2)
. . 1 B 987635
- Data/MC scalings are from fit 4 | b e 100
1.3 emn 0.4722
* Need to check normalizations to 12 B AME 02735601
. . . o :ﬁjr JOFLW  0.0000E+00
see if scalings from fit make P g_JfHH it} QUfLW  D.000DE+00
sense (Decide to generate not os b re T 5
i na B A 1.075 £ 0.9531E-01
forcing the decays (no event - | It A
; 07 F . : :
weight needed)) 06 E
o B0 0 o0 o Wl e

04 0.42% 0.45 0.475 0.5 0.325 0.55 0.575 0.6

{620.85)+(17173) * Invariant Mass (Gev/c2)

Before cuts around M, and Pt? cut
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Invariant Mass Contributions

Invariant Mass: Data/MC Invariant Mass: K, =2 p*pp° MC

c Adof= 5245 /50
F D GB7635 . J— D 3000
104L Entries 100 Wwe = - Entries 397368
Mean 0.4380 e = Maan 0.4369
L RMS  0.1342E-01 103l ~ RMS  0.1425E—01
107 FLW  0.0000E+00 . UDFLW  0.0000E+00
. ov 0.0000E+00 oF e OVFLW  0.000DE+00
102k ALLCEWN 0.4053E+06 107 *. | ALLCHAN 0.3363E+06
E E +
: 1 ok o K 2> ptpp°
10 L it Jf}[ L
: (LW gl b m l?ouble decay
! E | |> L | | | H |_|||_|H [ ; ! | ! | ! | ! |* ! | ! | ! | !
04 0 045 0475 e 0#5 055 0575 0.6 0.4 0425 045 0475 05 0525 055 0575 06
Shoulder (650.5)+(17173) ¢ Invariant Moss (Gev/c2) B50.85 * Invariant Mass (GeV/c2)
4
o L 987635 107 . ID 3001
4 E ntries 100 F e Entries 347686
1.3 F eqn 0.4722 103k = - Mean 0.4431
19 %_ RME  D.2735E-01 2 - - RMS  0D.9018E-02
- :HH JOFLw  D.000DE+00 o - UDFLW  0.0000E+00
CoE T e QLW  D.00COE+00 0% .7 * OVFLW  0.00CDE+00
[ L ++H_ FHE A 120 g E L 4 ALLCHAN D.BEB94E+05
09 F fthdfz7b2 /a3 N ;
08 £ Ap 1.075 £ 0.9531E-01 10 g 1L K +11-rn0
0s E A ~0.1761 + 0.2169 . }L L ) p p p
E | 1T
3 | | | 1l | | | : | | |T 1[ | I:>u|nCh Fhroqgh
0'5 C 1 Il 1 1 1 1 1 1 C 1 1 1 1 1 1 1 1
0.4 0425 045 0475 05 0525 055 0575 0.6 0.4 0425 045 0475 05 0525 055 0575 08
{E20.85)1+(17173) + Invariant Mass (Gev,/c2) 17173 + Invariont Mass (Gev,/c2)
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High Mass Events

- Trying to understand the high
mass events

* Pion decay vertex distribution of
events

* As expected offmag cut removes
all but pion decays in magnet and
decays downstream of DC4

* High mass events seem to come
predominantly from the magnet
region
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Separate High Mass Events

decays in the magnet

High mass tail comes from pion

ot MG — Forced Pion Decay

= — IC 402258
L ~ Entries 198696
E_ — Mean 094370
C - Abds 0.1425E—-01
1 g " LIDF Ly 0.00Q0E+420
E "+++ CNVELW 0. 0030E+00
10_1 L ey . ALLCHAN 5165
= f
_2: -H-'l'-l-
10k +]L All Everts
b
I T TR SRR s L A (R L
0.4 0.425 d.45 0475 o5 O B25 0.55 0.575 0.8
T MG — Forced Plon Decay Invariart Mass (GeY/<2)
- I Ad7zs F D 40728
10 b Entries 161790 oL = = Ertriss 161790
E hean 0.4.369 = - Mean 0.4369
. RS 0.1386E—01 %“""_ - RIS 0.1356E—01
b= HDFLW - 0.0000E+00 = - UDFLW  0.0000E+00
—1r . ALLCHAN 439.5 = '
19 = — Remove eviz with pi decay Th mdg 19 = ++ ALLCHAN 4395
_af * Pl decays In mag or downstream|DC4 E
a7 4%+ Pi decayes In mag 10‘2E_ Jr-ﬁ Remowve pion decays in magnst
6Ok ﬁd(’l“ v 10_35— | | I}LHHI ]LI | |
0.4 0.425 0.45 0473 a5 0525 0.55 0.575 0.8 0_4 | 0.425 | 0.45 | 0.475 0.5 I 0825 I 0.E5 | 0,873 | 0.5
Invariant Maoss (GeV/cZ) Invariant Mass (Gev/e2)
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Data/(MC-decays In magnet)

- Fit to data removing events with
pion decays in magnet

}',' ded = 3740 46 (ﬂ+ﬂ'_ﬂo MC:If{?? Ddtﬂj

» Better fit, but now the MC o Friries 408544
Mean 0.4.380

underestimates the higher mass
region

- Tony suggests the problem is the
simulation of the magnet kick

RS 0.1 342E-01
UDFLw  C.OOOOE+00
DVFLW  0L0000E+00
ALLCHAMN D 40526406

| .WMI‘MFL\H Rl

« Same pr0b|em seen by analyses 0.4 0425 045 04?5 0525 055 0575 0 0.6
looking at electrons that radiate in . (808.8)+(12484)  Invariant Mass (GeV/2)
the magnet e e | 100
1.3 | tean 0.4382
» Use Mike Wilking’s program to 1.2 §+H S g Pt
. 1.1 F ’
swim the events through the : ;_...%# gt ]
magnet os £ i
0.7 E 1
0.6 =
0'5 C 1 | 1 I 1 || | 1 I 1 | 1 I

1
0.4 0.425 045 J475 0.5 0.525 DEs 0,575 0.5

{B05.2)+(12494% # Invariant Mass (Gey /c2)
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Changes to KL>p*p p® MC

- Implement the following changes to my v6.00 MC
v Use Mike Wilking’'s magnet swim routines

« Don’t generate punch through and pion decays separately

* Run using ktevmc, selecting events with 2 pion decays, 2 punch throughs
or 1 punch + 1 decay

* Use RickK’s v.6.02 pion punch through routine

* Uses probabilities determined from Vus data (P 3 puncn~6-6E-5*Ep)
* Problem: Rick’s program generates punch through at Stage 35 (after

digitization)

* Only generates punch through for pions that MIP in Csl (33%)

« All p*p p°® events must go through digitization

® sLow
v Fix: Generate punch through at Stage 20 (after tracing)

« Modify punch through probability to apply to ALL pions

* Remove punch through events that don’'t MIP at Stage 35
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Old /New K, 2>p*p p® MC Comparison

. Compare old K 2>p*p p® MC K =2p*'p p® MC

Old MC

versus new K, 2>p*p p® MC where

y . . 2 ‘
I've selected events with 2 pion pitor=165145 & NewMc
decays, 2 punch throughs or 1 wen 04389
r RMS 0.1425E-01

UDFLW 0.0000E+00
OVFLW 0.0000E+00
ALLCHAN  0.6545E+05

punch + 1 decay

]

1 ‘ 1 1 1 ‘ 1
0.425 0.45 0.475 0.5 0.525 0.55 0.575 0.6

o
UL L L

Invariant Mass (GeV/c2)

1o B ID 987635
T4 = Entries 100
1.3 | Mean 0.4402
15 RMS 0.2408E—01
ik + UDFLW 0.0000E+00
: + OVFLW 0.0000E+00
e by

EHIT T ALLCHAN 39.75
0.9
0.8 [ \
0.7
0.6 H
0.5 £ L | L | L \‘ \‘\ | L | L | L |

1
04 0.425 0.45 0.475 0.5 0.525 0.55 0.575 0.6

Invariant Mass (GeV/c2)
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1999 Data/New K, 2 p*p p® MC

Fit 1999 Data with New K, > p*p-p°
MC, where I've selected events
with 2 pion decays, 2 punch
throughs or 1 punch + 1 decay
* Floated MC in fit (normalization
doesn’t seem correct)

» Shoulder is gone, but shape is still
wrong

1999 Data
y*/dof =730.8/ 45 ] N ew M C
F ID 987635
Entries 100
Mean 0.4380
RMS 0.1342E-01

L0 ey

1 ‘ 1
0.425

1
0.45

0.55

0.575 0.6

Invariant Mass (GeV/c2)

T ID 987635
E Entrie 100

F Mean 0.4525

~ RMS 0.3277E-01

B ¥/ndf 3382 / 44

B AO 3.777

B Al —6.356

E \ L \ I [ N

0.4 0.425 045  0.475 0.5 0.525  0.55  0.575 0.6
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New + old punch-thru K, >p*p-p® MC

1999 Data
New + punch MC

Fit 1999 data using new MC and °

old punch-through MC (wtd evts)
* Fit is better, but new MC already

Fit with new MC and old wtd double punch
D 987635

y*/dof =109.4/ 45

Entries 405244
has punch-through! vean  0.4350
RMS 0.1342E-01

UDFLW  0.0000E+00

* Absolute normalization still
doesn’t quite make sense

OVFLW  0.0000E+00
ALLCHAN 0.4052E+06

* Underestimated punch through? FUUW
e Something else is missing? ‘ ISR %H‘Hmmﬂﬁn
0.425 0.45 0.475 0.5 0.525 0.55 0.575 0.6
° Real problem |S that |’m m|SS|ng (5.1526)+(17041) * Invariant Mass (GeV,/c2)
1.5 1D 987655
other classes of events! E ‘ coties 0
1:2 RMS 0.3185E—01
. ;++ J{ UDFLW  0.0000E+0(QO
! Hﬂﬂ—ﬁ#+++++++++++*+H+ﬂ(+ T SE/LFCLXANODOO%; i? """""""""""""""""
0.9
0.8 ;
0.7 ;
0.6 [
0.5 Lo Lo L
0.4 0.425 0.45 0.475 0.5 0.525 0.55 0.575 0.6
(5.1526)+(17041) * Invariant Mass (GeV/c2)
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K, =2p*p p*MC — no selection

- What about accidental events that fire the muon banks?

« 6 distinct classes of events
1.1 Decay + Accidental
2.No decay or punch-thru
3.1 Punch-thru + Accidental
4.1 Decay + 1 Punch-thru
5.2 Decays
6. 2 Punch-thrus
* Run MC with no selection
* Let KTEVMC K =2>p*p p° run normally
 Select Trigger 5 Events (K, ® p°mm, K, ® nmog)
¢ 2V *DC12 * 2MU3_LOOSE * PHVBARL1 * 2HCY LOOSE * HCC_GE2
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“Non-selected” K, 2> p*p p° MC

Output of MC

After all cuts
except pt2&Mass

After all cuts
except Mass

No Decay or 23% 3% 9%
Punch
1 Punch >1% > 1% > 1%
1 Decay 49% 19% 24%
1 Punch + > 1% > 1% > 1%
1 Decay
2 Decays 28% 7% 68%
2 Punch 0% 0% 0%
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K, 2p*p p® MC Inv Mass Distributions

New “non-selected” K, > p*p p°
MC has 3 major components after
all cuts
* Double Decay (68% after all cuts)
« 1 Decay + Accidental (24% after
all cuts)
* No Decay or punch-thru (9% after
all cuts)
Inv Mass distributions for 3 major
components are very different

Need to look at same plots
AFTER all cuts
* Right now | don’'t have the stats
(I've only generated 1% of 1999
data set)

Dlstrlbutlons BEFORE Cuts

Before Cuts

. D 4007
Entries 58762
Mean 0.4382
RMS 0.2051E-01

Double Decay
No Punch or Decay

Normalized to double decay
D|str|but|on

0.4

1 1
0.425

0.45

1 1 1
0.475 0.5 0.525 0.55 0. 575

of 2 Decay evts (MCKIND2=64)

0.6
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"Non

-selected” MC AFTER Cuts

New MC: Selected v Non-selected Fit non-selected MC to data

New “selected” MC 1999 D
® New “non-selected” MC ata
¥ /dof =122.2/ 36 %L’Mfﬂu.sne o NeW non'SEIeCted MC
0% 102k e
10
10
1
1
10
10 F r‘
—2
E | | | | | | | H | | | 10 E | | ’—U_‘ ’_M—‘
0.4 0.425 0.45 0.475 0.5 0.525 0.55 0.575 0.6 0.4 0.425 0.45 0.475 0. 525 0. 55 0.575 46
Invariant Mass (GeV/c2) Invariant Mass (GeV/c2)
1.5
1.4 1
1.3
iy
1.1 & B W[
ALk J IR
0.9 1 + | . |
08 il | ][ T + + 8 F }[
o7 1 07
0.6 H J{ 0.6
0.5 L L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L 06 E L L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L
0.4 0.425 0.45 0.475 0.5 0.525 0.55 0.575 0.6 0.4 0.425 0.45 0.475 0.5 0.525 0.55 0.575 0.6
variant Mass (GeV/c2) Invariant Mass (GeV/c2)

Not enough “non-selected” K, 2> p*p p° MC
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Current Issues

- Normalization is better, but stats on non-selected K, 2> p*p p°
MC are low.
« K =2p*p p° MC (non-selected)
* |'ve only generated 1% of 1999 data
- K =2pm MC
* I've stripped off accidentals with > 3 GeV in Csl

* Speeds up generation by ~factor of 5

» Possible problem: my L2 acceptances with >3GeV acc is 8.5% lower than
with standard acc file

* I've only managed to generate 4% of data

- Farm is needed
» SashaG has copied over accidental files and set up 799 DB/Libraries
* I've copied over trigger/FIC files

« Compile and tested ktevmc code. Still working on porting over analysis
code
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Plans

- Start to generate new MC (K, = p*p p®) on Farm in the next
week
* One 1999 Data set should take ~10 days (if FARM~300 kpasa CPUSs)

- Generate MC (K, pm + gacc )
* | need to double check that | have enough accidentals
* Only 1/3 accidentals on disk. Strip off >3 GeV acc from tape?

» Make sure I'm not biasing my MC with the > 3 GeV in Csl Accidental
events

* One 1999 Data set should take ~8 days to generate w/o stripped
accidental files

* Probably not worth using >3GeV acc, but do | need more accidentals?
- Reduce background near box with additional cuts
* Neutral v. charged vertex cut?
» Upstream/downstream track-angle cut?
« Kinematic fit?
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